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Background: The prevalence rate of hypertension and breast cancer increases with advancing age. Renin-angiotensin system inhibitors (RASIs), β-blockers (BBs), calcium channel blockers (CCBs), and diuretics are widely used to treat patients with hypertension. Although, the association between the use of antihypertensive medication and breast cancer has been highly debated, recent evidence supporting this association remains controversial.
Objective: To evaluate the association between the use of antihypertensive medication and the risk of breast cancer and its prognosis.
Methods: This study was conducted using data from the PubMed, Embase, and Cochrane Library databases retrieved for the period from January 2000 to April 2021. Articles and their references were checked and summary effects were calculated using random- and fixed-effects models. Heterogeneity test and sensitivity analysis were also performed.
Results: This meta-analysis included 57 articles, which were all related to breast cancer risk or prognosis. Assessment of breast cancer risk using the pooled data showed that the use of BBs or CCBs or diuretics was associated with increased cancer risk [BB: relative risk (RR) = 1.20, 95% confidence interval (CI) = 1.09–1.32; CCBs: RR = 1.06, 95% CI 1.03–1.08; diuretics: RR = 1.06, 95% CI 1.01–1.11]. Long-term use of diuretic increased the risk of breast cancer (RR = 1.10, 95% CI 1.01–1.20), whereas long-term RASIs treatment reduced the risk (RR = 0.78, 95% CI 0.68–0.91). In addition, we found that diuretic users may be related to elevated breast cancer-specific mortality [hazard ratio (HR) = 1.18, 95% CI 1.04–1.33], whereas using other antihypertensive medications was not associated with this prognosis in patients with breast cancer.
Conclusion: Using CCBs, BBs, and diuretics increased the risk of breast cancer. In addition, diuretics may elevate the risk of breast cancer-specific mortality. The long-term use of RASIs was associated with a significantly lower breast cancer risk, compared with non-users. Thus, this analysis provides evidence to support the benefits of the routine use of RASIs in patients with hypertension, which has important public health implications.
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INTRODUCTION
In 2017, hypertension was identified as a major risk factor for cardiovascular disease globally, accounting for 10.4 (9.39–11.5) million deaths and 218 (198–237) million disability-adjusted life-years (Stanaway et al., 2018). Fortunately, antihypertensive therapy significantly reduces the risk of cardiovascular disease and death in various populations. A meta-analysis showed that reducing the systolic blood pressure by 10 mm Hg would reduce the risk of major cardiovascular disease, coronary heart disease, stroke, and heart failure by 20, 17, 27, and 28%, respectively, whereas all-cause mortality was reduced by 13% (Ettehad et al., 2016). As an effective measure to control blood pressure, antihypertensive medications are commonly prescribed worldwide, and many patients take these drugs for a long period.
Several studies have found that breast cancer is associated with a variety of antihypertensive medications, including angiotensin-converting enzyme inhibitors/angiotensin receptor blockers (ACEIs/ARBs), β-blockers (BBs), calcium channel blockers (CCBs), and diuretics. However, these results remain controversial. Raebel et al. (2017) concluded that long-term use of CCBs was not related to breast cancer risk and long-term use of ACEIs might protect against breast cancer. The Chang et al. (2016) conducted a nested case-control study of 794,533 women and did not find any relationship between antihypertensive medication use and breast cancer risk. In contrast, other studies found that long-term treatment with CCBs was associated with a higher risk of breast cancer; however, no association was observed with the use of diuretics, BB, and renin-angiotensin system inhibitors (RASIs) (Li et al., 2013; Gomez-Acebo et al., 2016). A population-based case-control study demonstrated that treatment with ACEIs for more than 5 years increased breast cancer risk by 14% [odds ratio (OR) = 1.14, 95% confidence interval (CI) = 1.06–1.22] (Hallas et al., 2012).
A recent systematic review of observational studies concluded that BB reduced the risk of breast cancer recurrence (Caparica et al., 2021), whereas ACEIs and CCBs were not associated with breast cancer development (Zhao et al., 2017a; Naghibzadeh et al., 2020). In addition, the result of a meta-analysis suggested an association between CCBs use and breast cancer risk (Wright et al., 2017). However, uncertainty still exists regarding the effect of long-term use of antihypertensive medications and a potential association between different populations, breast cancer sub-types, or both.
This question remains controversial and, therefore, in this updated meta-analysis, we aimed to assess the association between the use of various classes of antihypertensive medication and breast cancer risk, prognosis [breast cancer-specific mortality, recurrence, overall survival (OS), and disease specific survival (DSS)].
MATERIALS AND METHODS
Data Sources and Search Strategy
Supplementary Table S1 shows the strategy we used to conduct a comprehensive literature search of the PubMed, Embase, and Cochrane Library electronic databases without any restriction regarding geographical parameters and publication type or language. We reviewed research articles published over a span of nearly 20 years rather than those published in the 1990s, because we considered that the technique and treatment strategies that affect patient prognosis and survival have improved with time. The search was based on the framework of adult populations exposed to antihypertensive medication compared with non-users and the articles were evaluated for diagnosis or progress of breast cancer. Based on a combination of MeSH terms, keywords, and substance names, we conducted the following string search: “antihypertensive medication,” “calcium channel blockers,” “beta blockers,” “angiotensin-converting enzyme inhibitors,” “angiotensin receptor blockers,” “renin-angiotensin system inhibitors,” or “diuretics” combined with “breast cancer” or “breast carcinoma.” In addition, the reference lists of other reviews or meta-analyses were manually searched to identify additional related articles. This meta-analysis is not registered in the PROSPERO database, but the process is based on the Preferred Reporting Items for Systematic Reviews and Meta-Analyses (PRISMA) guidelines (Page et al., 2021). The PRISMA 2020 checklist was shown in Supplementary Table S2.
Selection Criteria
Studies fulfilling the following inclusion criteria were included: 1) the exposed group included individuals who had received antihypertensive medication; 2) the study had a comparative design: antihypertensive medication users vs. non-users; 3) the outcome was breast cancer risk, breast cancer-specific mortality, recurrence, or survival (DSS or OS); 4) the study reported the relative risk (RR), OR, or hazard ratio (HR) with corresponding 95% CIs or sufficient data to calculate these parameters. When the results of multiple studies were from the same database, the study including the largest number of participants was included. The following types of studies were excluded from this meta-analysis: meta-analyses, systematic or narrative reviews, case studies, experimental laboratory articles, conference abstracts, commentaries, randomized controlled trials, repeated publications, or if the reference group was administered another class of antihypertensive medication.
Data Extraction and Quality Assessment
Two of the authors (Yuxiu Xie and Men Wang) extracted data from the included studies and any disagreements between them were resolved by discussions with between the two other relevant co-authors. We extracted the following information from the selected articles: first author and year of publication, source of data, country, study design, duration of follow-up, study outcome, sample size of participants, and covariates used for the adjustment of confounders. The risk estimate adjusted for the largest number of confounding factors was extracted.
The nine-star Newcastle–Ottawa Scale (NOS) was used to assess the methodological quality of cohort studies and case-control studies (Stang, 2010; Ma et al., 2020). A score of ≥7 was considered to indicate high quality.
Statistical Analysis
We conducted this meta-analysis to assess the association between the use of antihypertensive medication and breast cancer risk and prognosis. The summary risk estimates are presented as forest plots. The I2 test was used to assess potential heterogeneity between individual studies, and an I2 > 50% indicated significant heterogeneity (Higgins et al., 2003). A fixed-effects model was used when there was no significant heterogeneity among the studies; whereas, the random-effects models was used when there was. To explore the source of heterogeneity and evaluate the potential impact of variables, we conducted subgroup analyses based on study design, country, and duration of antihypertensive medication use in years (e.g., <5, 5–10, ≥10 years). Articles with results that showed separate risk estimates based on different classes of CCBs or a different pathological pattern of breast cancer without a summary result were treated as different studies according to the result. Funnel plots were generated and examined visually, and gauged Egger’s tests were performed to assess publication bias (Egger et al., 1997). Sensitivity analyses were conducted excluding one study at a time to test the robustness of this association.
RESULTS
Characteristics and Quality of Studies
A total of 842 potentially eligible studies were retrieved from the selected databases during the initial search. After removing duplicates and further screening the titles and abstracts, 26 studies on breast cancer risk (Meier et al., 2000; Li et al., 2003; Gonzalez-Perez et al., 2004; Fryzek et al., 2006; Largent et al., 2006; Davis and Mirick, 2007; Van Der Knaap et al., 2008; Coogan et al., 2009; Largent et al., 2010; Huang et al., 2011; Hallas et al., 2012; Lee et al., 2012; Mackenzie et al., 2012; Biggar et al., 2013; Li et al., 2013; Saltzman et al., 2013; Devore et al., 2015; Numbere et al., 2015; Azoulay et al., 2016; Chang et al., 2016; Gomez-Acebo et al., 2016; Wilson et al., 2016; Brasky et al., 2017; Raebel et al., 2017; Busby et al., 2018b; Zheng et al., 2021), and 30 studies on breast cancer prognosis (Powe et al., 2010; Barron et al., 2011; Ganz et al., 2011; Melhem-Bertrandt et al., 2011; Shah et al., 2011; Şendur et al., 2012; Holmes et al., 2013a; Holmes et al., 2013b; Botteri et al., 2013; Cardwell et al., 2013; Chae et al., 2013; Sorensen et al., 2013; Boudreau et al., 2014; Cardwell et al., 2014; Sakellakis et al., 2014; Babacan et al., 2015; Chen et al., 2015; Springate et al., 2015; Cardwell et al., 2016; Choy et al., 2016; Chen et al., 2017; Spera et al., 2017; Busby et al., 2018a; Musselman et al., 2018; Cui et al., 2019; Takada et al., 2019; Modi et al., 2020; Santala et al., 2020; Shih et al., 2020; Wei et al., 2020) and one study on both risk and prognosis (Sorensen et al., 2000) finally met the inclusion criteria of this meta-analysis. The study selection process is depicted in a flow chart (Figure 1) and the characteristics of the included studies are summarized in Table 1. The sample sizes of the studies included for breast cancer risk ranged from 654 to 2,300,000 with a total of 3,726,281 participants, and that for breast cancer prognosis varied from 218 to 73,170 with a total of 270,745 participants. Although the adjusted covariates of individual studies differed, most risk estimates were adjusted for age, body mass index (BMI), alcohol intake, and hormone replacement therapy use. The quality scores in this analysis ranged from 6 to 8 stars (Supplementary Table S3).
TABLE 1 | Characteristics of the articles included in the meta-analysis.
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Pooled data from 18 studies related to breast cancer risk showed that the use of BBs was associated with increased cancer risk (RR = 1.20, 95% CI 1.09–1.32; Figure 2A and Table 2). A subgroup analysis showed a significant association with case-control (RR = 1.09, 95% CI 1.05–1.12), nested case-control (RR = 1.11, 95% CI 1.03–1.20) studies, and cohort (RR = 1.43, 95% CI 1.07–1.91) studies. In addition, a significant association was observed in Europe (RR = 1.41, 95% CI 1.16–1.70) and Asia (RR = 1.12, 95% CI 1.02–1.23), but not in North America (RR = 1.02, 95% CI 0.94–1.11). However, subgroup analysis of the duration of administration in years showed that the use of BBs even for ≥10 years was not associated with breast cancer risk.
[image: Figure 2]FIGURE 2 | Forest plot of studies among the risk of breast cancer with antihypertensive medications use. Legends (A beta-blockers; B: calcium-channel blockers; C: diuretics; D: renin-angiotensin system inhibitors).
TABLE 2 | The results of the association between antihypertensive medication use and breast cancer risk.
[image: Table 2]Twenty studies reported the relationship between CCBs and breast cancer risk (Figure 2B; Table 2). The pooled RR of breast cancer risk for CCBs use vs. non-use was 1.06 (95% CI 1.03–1.08), indicating a significant positive association. Case-control studies (RR = 1.09, 95% CI 1.05–1.13), nested case-control studies (RR = 1.18, 95% CI 1.03–1.36), and every area (North America: RR = 1.08, 95% CI 1.02–1.14; Europe: RR = 1.04, 95% CI 1.01–1.07; Asia: RR = 1.39, 95% CI 1.14–1.69) showed a positive association. There was no duration-response association between long-term use of CCB and breast cancer risk.
As shown in Figure 2C, exposure to diuretics (16 studies) showed a significant association where the pooled RR was 1.06 (95% CI 1.01–1.11). A significant relationship was noted in Europe (RR = 1.10, 95% CI 1.04–1.17) but not in North America (RR = 1.03, 95% CI 0.97–1.10). Notably, a significant association was observed with long-term use of diuretics (≥10 years; RR = 1.10, 95% CI 1.01–1.20, Table 2).
A total of 24 studies reported a connection between RASIs exposure of any duration and breast cancer risk. RASIs did not increase the risk of breast cancer with a pooled RR (0.98, 95% CI 0.93–1.04), as shown in Figure 2D. However, it is worth noting that RASIs played a protective role in breast cancer when studies were restricted to those where the duration of RASI use was <5 years (RR = 0.94, 95% CI 0.90–0.99) and ≥10 years (RR = 0.78, 95% CI 0.68–0.91). Fifteen and seven studies were related to ACEI and ARB use, respectively, and the results suggested that use of ACEI or ARB was not related to breast cancer risk (ACEI: RR = 0.99, 95% CI 0.93–1.04; ARB: RR = 0.98, 95% CI 0.81–1.19, Table 2).
Association of Antihypertensive Medication Use with Breast Cancer Prognosis Breast Cancer-Specific Mortality
Twenty-nine independent studies examined the association between antihypertensive medication use and breast cancer-specific mortality, with a pooled HR of 1.04 (95% CI 0.98–1.10). When HRs for the individual antihypertensive medication (BBs, CCBs, and RASIs) were calculated in subgroup analyses, no significant results were observed (Figure 3A). However, a significant association was observed in diuretic users (HR = 1.18, 95% CI 1.04–1.33).
[image: Figure 3]FIGURE 3 | Forest plot of studies among the prognosis of breast cancer patients with antihypertensive medications use. Legends (A: breast cancer-specific mortality; B: overall survival; C: recurrence; D: disease-specific survival).
OS
Twenty-one studies revealed no significant link between antihypertensive medication use and breast cancer OS (HR = 1.05, 95% CI 0.96–1.14, Figure 3B). Furthermore, a subgroup analysis of the classes of antihypertensive medication showed no significant association was observed.
Recurrence
In total, 27 studies reported breast cancer recurrence with the use of antihypertensive medication. However, as shown in Figure 3C, no effect was observed for any type of antihypertensive medication (HR = 1.00, 95% CI 0.92–1.09).
DSS
The results of the meta-analyses on DSS are summarized in forest plots for all 10 studies; no association was found between antihypertensive medication use and breast cancer DSS (HR = 0.82, 95% CI 0.63–1.08, Figure 3D).
Risk of Publication Bias
The results of the Begg’s funnel plot and Egger’s regression test, showed no evidence of potential publication bias in articles reporting the use of BBs (P = 0.168), CCBs (P = 0.151), diuretics (P = 0.348), or RASIs (P = 0.397) in relation to the risk of breast cancer risk (Supplementary Figure S1). In addition, a potential publication bias was observed in studies on the use of antihypertensive medication with recurrence (P = 0.001), but not in other studies on prognosis (mortality: P = 0.717; OS: P = 0.096; DSS: P = 0.125) (Supplementary Figure S2).
Sensitivity Analysis
A sensitivity analysis was performed as shown in Supplementary Figures S3 and S4. There was no significant alteration in the pooled RRs or HRs after sequentially deleting a single study from the overall pooled analyses each time. In the sensitive analysis of diuretics users with risk of breast cancer, the pooled RR was not statistically significant after the deletion of an article (RR = 1.03, 95% CI 0.98–1.08) (Biggar et al., 2013).
DISCUSSION
Our meta-analysis showed that the use of BBs, CCBs, or diuretics was associated with a moderate increase in the risk of breast cancer. Diuretic therapy for ≥10 years could increase breast cancer risk by 10%. Long-term use of RASIs exerted a protective effect against breast cancer, especially when used for ≥10 years. In addition, this meta-analysis indicated that diuretics are related to elevated breast cancer-specific mortality, but antihypertensive medication use did not affect recurrence, OS, or DSS.
Our conclusion that BBs were associated with increased breast cancer risk was consistent with this highly influential and large studies (Numbere et al., 2015; Chang et al., 2016; Zheng et al., 2021). The prospective study data minimizes the recall bias and in the study in question, some important confounders such as alcohol status, smoking status, BMI, medication and comorbidities, were adjusted. Similarly, the positive association between diuretics and breast cancer risk mainly depended on the study that evaluated cancer risk in 2.3 million Danish women who were followed-up for 28.8 million person-years (Biggar et al., 2013). The study reported that breast cancer risk increased in the first-year of diuretic use, but the association was attributed to reverse causality, such as where symptoms of cancer, including abdominal swelling or incidental findings such as hypertension, led to diuretic exposure. To exclude care practices that affect the risk from true etiologic impact, the study further examined risk only in women who were exposed to drugs for more than one year prior to diagnosis, and found a slightly increased risk of breast cancer with increasing duration of diuretic exposure. Consistent with its results, we observed a duration-response association between the duration of diuretic therapy ≥10 years and breast cancer risk. Studies found that thiazide diuretics, but not other diuretics, were linked to an increasing risk of breast cancer, and the authors considered the increase in insulin resistance due to thiazide diuretics as a possible explanation (Sarafidis et al., 2007; Ni et al., 2017). A recent study showed that the use of furosemide or other diuretics before breast cancer diagnosis increased the risk of breast cancer-related death (Santala et al., 2020). Our results showed that the breast cancer mortality increased with the use of diuretics; however, we failed to analyze the effect of diuretic subtypes on breast cancer prognosis because there were few relevant studies. Thus, we could not arrive at the conclusion that different subclass of diuretics had varying associations with breast cancer. Future studies are warranted to determine the potential difference among various diuretics.
Our meta-analysis showed a positive association between CCBs use and the risk of breast cancer, which was consistent with the results of previous studies (Wright et al., 2017; Busby et al., 2018a). The elevated levels of cytosolic calcium could affect the process of apoptosis through different signaling pathways such as caspase activation, induction of endonuclease activity, or the miRNA-524-5p-BRI3-extracellular signal-regulated kinase (Erk) pathway (Iwasawa et al., 2011; Guo et al., 2014; Zhao et al., 2017b). CCBs blocks calcium entry, inhibiting this vital process, which could destroy the body’s natural defense mechanism against cancer growth and promote cell survival by initiating autophagy (Sun et al., 2018). However, there is no conclusive evidence to accurately explain this observed link and the benefits of the long-term use of CCBs are controversial.
The association between RASIs and breast cancer remains controversial with some studies reporting that ARB/ACEI was not related to breast cancer risk (Teo, 2011; Datzmann et al., 2019), whereas another concluded that users of ACEIs had an increased risk (Hallas et al., 2012). However, our result demonstrated a significant (22%) reduction in breast cancer risk with ≥10 years, which is consistent with previously published observational studies (Huang et al., 2011; Li et al., 2013; Wang et al., 2013; Ni et al., 2017). In addition, in vivo and in vitro studies on RASIs have demonstrated a protective anti-inflammatory, anti-proliferative, and pro-apoptotic effect on breast cancer (Herr et al., 2008; George et al., 2010). Although the effect of RASIs on breast cancer is still contradictory, RASIs should be selected more often for patients undergoing antihypertensive therapy considering its availability, feasibility, and established safety with reduced breast cancer risk.
It is important to assess the possible source of heterogeneity. First, the significance of our results might have been affected by an indication bias, such as high blood pressure (Coogan, 2013), as both hypertension and cancer are associated with obesity, alcohol, smoking, cardiometabolic abnormalities, and other comorbidities. One study reported a relationship between hypertension and cancer (Han et al., 2017). In addition, in this meta-analysis, not all included studies adjusted for the confounding factor of hypertension which would cause a certain degree of heterogeneity. Second, in observational studies of the general population, it is important to determine a dose or duration-response relationship to properly interpret the potential link between drug exposure and cancer development. However, because of the differences in drug exposure time and dose between the included studies, the results will eventually be heterogeneous. Third, most of studies were from North America or Europe but a few studies are from Asia, which produced regional heterogeneity and limited the extent to which the results can be generalized. In the subgroup analysis according to geographical area, we found reduced between-study heterogeneity and observed different results, which indicated that the association varied among different areas. Finally, because the included studies were retrieved from some population registration database, the analysis results could reduce recall bias and misclassification bias to some extent. However, population-based registries also have some shortcomings, such as the limitation of potential confounders by stored data, and the fact that a prescription was collected does not necessarily indicate that the prescribed drugs were taken.
Our meta-analysis provides convincing and clear evidence of the relationship between antihypertensive drugs and the risk and prognosis of breast cancer. One strength of our study is that we conducted a stratified analysis according to the duration of antihypertensive drug use and found that using diuretics for ≥10 years could increase the risk of breast cancer, but using RASIs for ≥10 years would reduce the risk of breast cancer. This suggests that RASIs would be the best choice for patients with long-term antihypertensive drugs. Another strength of the study is that we focused on breast cancer risk and prognosis to obtain a more homogeneous group of studies. We studied the possible source of heterogeneity between studies, including study design, geographic area, and duration of antihypertensive medication use. It is noteworthy that there were also some limitations to this study. First, biases such as confounders, possible detection bias, and selection bias is inevitable in observational studies. Secondly, subgroup analyses based on age, sex, pathology of breast cancer, dose of antihypertensive medication, subclass of BB (selective BBs and non-selective BBs), CCBs (dihydropyridines and non-dihydropyridines), and diuretics (thiazide, loop, and potassium sparing diuretics) were not conducted because of the lack of relevant studies. Thirdly, our current summary evidence did not support a clear relation between long-term use of CCBs or BBs and breast cancer risk. Finally, significant heterogeneity was observed among studies focused on antihypertensive medication use and breast cancer risk and this persisted even when the data were stratified into subgroups.
The results of this meta-analysis demonstrated that BBs, CCBs, and diuretics were significantly associated with breast cancer risk. Unexpectedly, a beneficial effect of long-term use of RASI was observed against breast cancer risk. Additionally, according to the analysis of prognosis, no association was observed with any class of antihypertensive medication. Considering the limitations in this meta-analysis, further research is needed to fully clarify the association between antihypertensive medication use and breast cancer risk.
[image: Figure 1]FIGURE 1 | Flow chart of the study procedure.
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of data

‘The United Kingdom General Practice
Research Database
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Research Datalink

Taiwan National Health Insurance
dlaims database

Boston, New York, Philadelphia and
Baimore

‘The Seatle metropolitan area

The Nurses' Health Study.

“The Central Popuiation Register, The
Darish Cancer Registry, The
Pharmaco-Epidemiologic Prescription
Database of North Jutland

‘The Muti Gase-Control-Spain Study

The United Kingdom General Practice:
Research Database

‘The Danish Cancer Registry, the
Danish National Registry of Patients,
the Prescription Database of the
Darish Medicines Agency and the.
Danish Person Registry

‘The Taiwan National Health Insurance
database

‘The Calforia Teachers Study cohort

‘The Cancer Sunveilance Program of
Orange County.

“The Taiwan National health Insurance
Research Database

The westeren Washington State

‘The three-county Seattle-Puget
Sound metropolitan area

“The United Kingdom General Practice
Research Database

The United Kingdom General Practice
Research Database

‘The Clinical Practice Research
Datalink

The Kaiser Permanente health-care
system

Cardiovascular health study

‘The Rotterdam Study

The Sister Study

“The Swedish Prescribed Drug
Registy, The Swedish Canoer
Registry

Hacettepe Cancer Insttute
‘The National Cancer Registry Ireland

“The European Institute of Oncology in
Mian

The wester Washington Cancer
Sunveilance System

United Kingdom the Cinical Practice
Research Datalink, and to death
records from the Offce for National
Statistics

United Kingdom clinical practice
research datalink cohort

United Kingdom cliical practice
research dataiink cohort

“The European Cancer
Pharmacoepidemiology Network
‘The MD Anderson Cancer Center

The inked Surveilance, Epidemiology
and End-Results-Medicare database

“The Cancer Survellance System

The City of Hope Cancer Center
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The Breast Cancer Management
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Sciences
“The Nottingham Gity Hospital

Department of Medicine, Universty
Hospital Patras Medical School
Department of Medical Oncology.,
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Research Hospital
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‘The National Health Insurance.
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Finnish Cancer Registry

‘The Danish Breast Cancer
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005 data.

“The Cinical Practice Research
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‘The Danish Cancer Registry, and the.
Darish Death Registry.
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Adjustment/match
for covariates.

Age, year of cohort entry,
excessive alcohol use, smoking
status, body mass index,
previous cancer, cophorectomy,
use of antidiabetic drugs,
aspirin, other nSaiDs, statins,
hormone repiacement therapy.
oral contraceptives, use of
angiotensin receptor blockers,
angiotensin-converting enzyme
inhibitors, beta-blockers,
diuretics, and other
antinypertensive drugs

‘Age and calendr-year

Age, WHI-CT intervention
assignment, education, race,
BM, physical activiy, smoking,
akohol, and breast cancer
screening

Comortidites (ADS,
cerebrovascular cisease,
chronic pumonary disease,
congestive heart disease,
dementia, diabetes, diabetes
with compications, ductal
carcinoma i situ, hemiplegia,
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disease, myocardal infercton,
pepic ulcer disease, peripheral
vascuar disease, renal dsease,
and heumatological disease),
confounder medications
(aspirn, digoxi, hormone
replacement therapy.,
metformin, oral contraceptive,
and statin), deprivation, smoking
status, alconol consumpion,
and obesiy, age, GP practice,
and year of diagnosis
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melitus, ischenic heart isease,
myocardial infercton, heart
falure, cerebrovascular disease,
chvonic Kidhey disease, chronic
e disease, chronic ling
disease, depression, Charison's
index, diuretcs, human insuin,
statin flrates, aspin, hormone
replacement therapy, number of
lipid measurements, number of
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outpatient viss, number of
hospitaizations, and length of
hospital admission more than

7 days matched on age (within5.
years) and follow-up duration
Race (white, non-white), years of
education, menopausal status,
party, body mass index, use of
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contraceptives and alcohol use
Party, age a first pregnancy,
mother/siser breast cancer,
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contraceptive use, ever upper
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than age 45 and alcohol intake;
hormone repiacerment therapy.
Syear age

Age and body-mass index,
height, oral contraceptive use,
menopausal stalus, age at
menopause, postmenopausal
hormone use, party and age at
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istory of benign breast disease,
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level, smoking

Age, calendar period, HAT use,
NSAID use, party, and age at
frst birth
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body mass index, actve
smoking, alconol ntae, famiy
istory of breast cancer, age of
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menopausal status, homonal
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‘Age, calendar year, BMI,alcohol
intake, smoking status, HRT
use, pror breast lump and/or
biopsy, hypertension and all he
variables in the table using
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chvonic obstructive pumonary
disease as a crude marker of
heavy smoking, a prior
discharge diagnoss of
inflammatory bowel disease, a
modified Charison Index that
contains 19 categories of co-
mortidiy, match age and
gender

‘Age, gender, co-morbidites,
and medications for
hyperension control

Race, famiy hisory of breast
cancer, age at it fulterm
pregnancy and number of ul-
term pregnancies combined
variabie, hormone therapy and
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variable, feime physicalactity,
diabstes, body mass index,
smoking istory, aloohal use,
hysterectomy, breasteecing,
and quarties of percent caories
from fat

Age, body mass index (EM),
dicbetes, smoking, dloohol use,
menopausal status, famiy
Fistory of breast or ovaran
cancer, age at fist ful-term
pregnancy and education
Urbanizaton, incorme, diabetes
melitus, metformin usage, statin
usage, estrogen usage, and
progesterone usage

Age

Age, reference year, county,
racelethvicty, and recency of
aohol use

‘Age, caendar year of entry to
study, Townsend score, use of
combined ora cortraceptive pil
or hormone replacement
therapy, history of benign breast
disease, alcohol intake, body
mass inds, family history of
breast cancer, use of dugs that
may protect agaist breast
cancer (aspiin, metformin), use
of Grugs causing gynecomastia
(digosin, fnasterde, cimeldine,
nifedipine), and history of
ypertension, heart faure, or
diabetes melitus,
socioeconomic score

Smoking and body mass index,
match age (same year of birh),
physican practice, calendar
date, and number of years of
medical history

‘Age, sex, smoking, alcohal use,
and a number of potentially
confounding comarbidites and
coprescriptions

‘Age, body mess index,
hysterectomy, diabetes, alcohol
abuse, estrogen replacement,
use of stalns, mammography,
and use of angilensin receplor
blockers, p-blockers, and/or
diuretics, Kaiser Permanente
ste, race/eticiy, education,
and year of cohort entry, maich
Lengih of folow-up

‘Age, aconol use, income, age al
menopause, wast-ip ratio
‘Age, B total pack-years, age
at menarche and menopause,
use of hormone-replacement
therapy, number of chidren,
diabetes melius, NSAID use,
physical actiy, hypertension,
and myocardial infarction
Racelethnicy, categorized
body mass index, party, age at
menarche, menopause status,
statin use, smoking status,
hormone therapy use, and
reported hours of physical
activity per week:

For propranclol was use of lipid-
modifying agents, for metoproil
were family history of breast
cancer, education level, income
and use of cardiac therapy,
antitypertensive, durelics,
calcium channel blockers,
hormone repacement therapy
‘and aspirin, for atenolol were
family history of reest cancer,
education level and use of
antitypertensive, and for
bisoprolol were use of cardiac
therapy, diuretics, lipid-
modiying agents and hormone
replacement therapy, and
personal history of chronic:
puimonary disease

NA

age, stage, grade, and
comorbidity

Age, tumor stage, and
reatment, peritumoral vascular
invasion and use of other
antinypertensive drugs, ant-
thrombotics, and statins

Al other medication classes of
interest, age: diagnosis year;
AJCC stage; hormone receptor
status; primary treatment for
iniial breast cancer; endocrine
therapy for the incident breast
cancer); BM:; smoking:
menopausal statu; Charison co-
morbicity score; diabetes;
prescrption non-steroidal ant-
inflammatory meication use,
Gox-2 nfibitors, and aspir; and
receipt of screening
marmmogram in the 12 months
prior o events

Age at diagnosss, year of
diagnosss, deprivation quintle,
comorbidiies, prior use of HRT
or oral contraceptives, and
reatment wittin six months of
diagnosis

Surgery within 6 months of
diagnosis, chematherapy within
6 months, radiotherapy within 6
months, tamoxiten, aromaase
inhibitors, NSAID use, ACE use,
ARB use, statin use, hormone
replacement therapy,
comorbidiies (pre-diagnosis,
including myocardil nfarction,
Gerebrovascular disease,
congestive heart disease,
chronic pumonary disease,
peripheral vasculr disease,
peptic ulcer disease and
diabetes), and smoking, stage,
restricted to indviduals with an
avaiable stage record. match
year and age at diagnosis
Surgery, chemotherapy.
radiotherapy, low dose aspin,
statns, comortidiies
(myocardial infarction,
Gerebrovascular disease,
congestive heart disease,
chronic pumonary disease,
peripheral vascular disease,
renal disease, peptc uicer
disease and diabetes), and
smoking, tamoxife, aromatase
intibiors, hormone replacement
therapy

Age, year, stage and
confounders

Age, stage of dsease, tumor
grade, tumor subtype, LV,

and BMI

Age at diagnoss, year of
diagnosis, cancer stage,
estrogen receptor status, receipt
of compete frst course
reatment, recaipt of
chemotherapy, use of adjuvant
hormone therapy, baseline
diabetes, baseline hypertension
at breast cancer diagnosis and
use of other classes of
antinypertensive medications
adjuvant hormone therapy.
radiation therapy and
chemotherapy, malch age, year
of diagnosis, county, race/
ethmiciy, and cancer stage

NA

Age a diagnosis, sex,
education, annual farily income,
body mass index, aicohol
consumpton, cigarette smoking
status, Charison Comorbidity
Index score, year of cancer
diagnosss, cancer stage, and
Gancer treatment. Inmodel 2, we
addeda 6-month lag period into
defining exposure n order 1o
address potental reverse
causation

‘Age at diagnoss, race, stage of
disease, pre-cliagnosis BMI,
adjuvant teatment, hormone:
receptor status, tamoxien use,
and selfreported hypertension
and diabetes

Calendar year, disease stage,
smoking status, body mass
index, age at fist bith and
party, ora contracepive use,
menopausal status and use of
hormone repiacerment, radiation
reatment, systenic treatment
with chemotherapy and/or
hormonal therapy

Age, stage at diagnosi, history
of previous cancer, and urban/
nal residence

Age, race, stage, grade,
receptor status, hmphovascuiar
invasion, body mass index,
diabetes, hypertension, and
angotensin-converting enzyme
innioitor use

‘Age, Race, BMI, Abumin coun,
ECOG PS, ER/PR Status,
Presence of Visceral Disease
and Brain Metastass,
Ahythmia, Coronary Artery
Disease, Heart Failre,
Hypertension, Cerebrovascular
disease, Diabetes and Other
Cardiovascuiar diseases, Prior
reatment to anthracycines,
taxanes and trastuzuma
Statin use and socioeconomic
status

Adjant therapy and age

Age, tumor stage, hormone.
receptor satus and HER2 status
N

‘Age. gender, year of diagnosis,
‘smoking status, number of
medications received in the year
before diagnosis, area
deprivation and national region
Demographic characteristics,
comorbidities, and turmor-node-
metastasis stage, age, monthly
income, geographic region,
urbanization evel, hypertension,
hyperfipidemia, diabetes,
chvonic kidney disease, tumor-
node-metastasis (TNM)
clssification of malgnant
tumors, and index date
Age at diagnosis, tumor extent,
charison-comorbiity index,
primary treatment of breast
cancer, obesity, partiipation in
national scroening program and
use of hormone-receptor
antagonists after breast cancer
diagnosis
‘Age at diagnosis, menopausal
status at diagnosis, UICC stage,
histologic grade, ER status and
eceipt of adjuvant endocrine
therapy, receipt of adjuvant
chemotherapy, type of primary
surgery received, Charlson
comorbicty index, preciagnasis
combination HRT, and
coprescriptions of any BB, ACE,
/ARB, aspirin, and simvastatin
‘Age, Eastern Cooperative
Oncology Group performance
status and menopausal status
Patient age, gender, year of
diagnosis, smoking staus,
number of medications received
in year prior to dagnosis,
Regional Health Authorty, and
practice postcode Index of
Muitiple Deprivation, cancer site.
prevalence, year of diagnosis
and area deprivation
NA

NA

‘Age, spironciacione, alopeci,
‘acne vulgaris, hirsutism,
ypertension, congestive heart
failure, primary aldosteronism,
nepfoltic syndrome, ascites,
alcohol abuse, smoking, ilicit
dug abuse, and insurance plan

Abbreviatons: NOS, Newcastio-Ottawa Scale; ACES angiotensin-Converting enzyme inhibitors; ARB, angiotensin Il receptor blockers; COB, calcum-channel blockers; BB, beta-blockers; RAS, renin-angltensin system inhibiors; BCSM,
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